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MICROBIOLOGY SEMINAR
January 30, 1953
BACTERIAL CYTOCHROMES. By Lucile Smith, Johnson Foundation for
Medical Physics, University of Pennsylvania, Philadelphia, Pennsylvania.
Although Warburg included acetic acid bacteria in the study of his
Atmungsferment and Keilin established that B. subtilis is characterized by
a four-banded spectrum typical of heart muscle or yeast, while B. communis
has only two bands without cytochrome oxidase activity, additional
information concerning the cytochrome systems of bacteria has been scant.
For sensitive measurement of the absorption spectra of various bacteria
in both visible and invisible light, an apparatus has been devised which
utilizes the monochrometer of Beckman and by delicate methods of ampli-
fication permits the recording of an average optical density change of 0.02.
When the oxygen tension of a suspension of respiring cells reaches 0, there
is a sharp increase in the optical density, and this difference, plotted against
the wave length, provides a characteristic spectrum. In a substrate that gives
the maximum respiration rate, oxidase activity is shown to greatest advan-
tage and the cytochrome absorption bands of a wide range of bacteria can
be compared.
Few of the organisms studied resemble yeast and of those that do, some
may have the yeast spectrum in the visible range but be missing cytochrome
a3 in the soret. It is noteworthy that an intact porphyrin ring is necessary
for the soret band. Other bacteria have cytochrome a, or a2, or a mixture
of a1 and a2. Cytochrome a1, a cytochrome oxidase, is frequently observed
in bacteria having a high respiratory rate. From all available data it may be
concluded that the pigment content of the bacteria, that is, respiration in
terms of the cytochromes, approximates or is even greater than that in
yeast.
M.-L. J.
CARDIOVASCULAR STUDY UNIT
February 5, 1953
THE USE OF THE FIVE-MINUTE STARLING CURVE AS A MEANS OF
QUANTITATING CARDIAC PERFORMANCE. By S. J. Sarnoff, Department of
Physiology, Harvard University School of Public Health, Boston, Massa-
chusetts.
Thesestudieswere performed on anesthetized, open-chest dogs. Pressures
were recorded from cannulated auricles, ventricles, the aorta, and a branch
of the pulmonary artery. A continuously registering electroturbidometer
recorded the cardiac output. Cardiac performance was calculated as stroke
work(SW)
SW = Aortic Pressure - Left Auricular Pressure X Stroke Volume 100
X 1.06, neglecting the velocity factor. Starling's Law applies more accu-
rately to this estimate than to either flow or pressure measurements alone.
When coronary flow is included in the calculation, the resulting curve
(of SW plotted against rising left auricular pressures) will be somewhat
higher in value but parallel to the curve obtained when coronary flow isneglected. The rate of the increase in auricular pressure does not influence
the ultimate rise of cardiac performance.
Administration of suprarenin results in a three-fold increase in SW, with
a concomitant drop in left auricular pressure. Continuous recording of per-
formance showed that the drug produced a new relationship, yielding a
higher curve, i.e., more work at a lower filling pressure.
Cardiac tamponade also results in phenomena seemingly contrary to
Starling's Law, SW decreasing in spite of higher absolute filling pressures.
However, the effective pressure is the difference between intra- and extra-
cardiac pressures and in cardiac tamponade it appears that the rise in extra-
cardiac pressure is far in excess of the rise in filling pressure. Hence the
dilating pressure actually falls, and thus SW is depressed.
Gradual aortic occlusion shows a possible r6le of the normal pericardium.
Under these circumstances elevation of the auricular pressure produces a
smaller rise in SW than would be expected. Opening the pericardium elimi-
nates this effect, while tightening it enhances it. Thus, here we are dealing
with a pseudo-tamponading effect of normal pericardium on the dilating
heart. Since this effect involves the right ventricle also, without a rise in
pulmonary artery pressure, the pericardium seems to act to equalize the
SW of the ventricles when a differential strain is imposed on the left
ventricle.
Decrease of left coronary artery flow produces a drop in left ventricular
SW with a concomitant rise in left auricular pressure. This is the result of
the heart having shifted to a lower curve of performance for the same
auricular pressures, presumably due to anoxia. Restoration of coronary flow
reestablishes the previous, higher curve.
The main conclusions drawn from these experiments were: (i) Starling's
Law of the Heart can be experimentally verified; (ii) the filling pressure
in the right auricle and the left ventricle SW may not be related, i.e., each
ventricle may function on a different level of performance; and (iii) there
exist several "Starling's Curves" for each heart chamber, and the heart
will function along one or another of these depending on the momentary
determinants.
N. A. H.
PHARMACOLOGY SEMINAR
February 5, 1953
SOME INDICATIONS OF CEREBRAL HUMORAL MECHANISMS. By A. S.
Marrazzi, Clinical Research Division, Chemical Corps Medical Labora-
tories, Army Chemical Center, Maryland.
Synaptic areas in the sympathetic and parasympathetic ganglia, and in
the optic and auditory transcollosol and respiratory tracts, respond to
acetylcholine and epinephrine in a similar manner.
Acetylcholine in doses of 2.5y stimulated the electrical activity of synapses
in the two ganglia but doses of 5y inhibited it. As in other synapses, atropine
acted to block activity, and anticholinesterases increased it. Adrenaline
exerted its usual inhibitory action.
The optic tract was stimulated in two ways: by flashing a light into the
eye and by an electrical current through electrodes implanted in the tract.
The auditory apparatus was stimulated by a ticking watch and the trans-
collosal tract through implanted electrodes. Drugs were injected into the
ipsilateral carotid artery. It was found that acetylcholine in low dosage
419 EVENTSYALE JOURNAL OF BIOLOGY AND MEDICINE
increased electrical activity, while larger doses caused inhibition. Anti-
cholinesterases likewise increased activity, while atropine produced an in-
hibition as did epinephrine, ephedrine, benzedrine, and mesocholine. It was
found that the activity of the respective transcollosal tracts was the same
qualitatively as that in the tracts from the eye or the ear, despite the fact
that the transcollosal pathway has one synapse, while that from either sense
organ has five or six.
In the respiratory tract, acetylcholine again stimulated in low doses and
inhibited in high. D-tubocurarine was here found to have a central inhibi-
tory effect which was seen at dosage levels that caused paralysis of the
diaphragm. The inhibitory effect was reversed by acetylcholine.
P. D. BONNYCASTLE
MICROBIOLOGY SEMINAR
February 6, 1953
REACTIONS OF TRIOSEPHOSPHATE DEHYDROGENASE. By Jane Hasting,
Department of Pharmacology, New York University, College of Medicine,
New York.
The study of triosephosphate dehydrogenase in a series of reactions has
indicated several transfer activities that can be attributed to the enzyme as
prepared from muscle. Acetaldehyde, in the presence of DPN, will yield the
acetyl enzyme which can be phosphated or arsenated. By adding labelled
(P3204-), ATP, Biicher's enzyme, and 3-phosphoglyceric acid, ATP32 is
produced by the reversible reactions:
3-phosphoglyceric acid + ATP = 1,3-phosphyglyceric acid
1,3-phosphyglyceric acid + triosephosphate dehydrogenase =
3-phosphyglyceryl-enzyme + P04E
A second role of the enzyme is shown by its ability to carry out transfer
reactions. For example, the acetyl group of acetyl-phosphate can be trans-
ferred to glutathione to form acetyl-glutathione, or to CoA to form acetyl-
CoA. This latter product will acetylate sulfanilamide or, in combination with
oxaloacetic acid and a "condensing enzyme," will produce citrate. In such
a reaction, the muscle enzyme is analogous but not identical to phospho-
transacetylase which, by contrast, is not inhibited by Na+ and does not
require two molecules of DPN.
A transfer of the acetyl group of acetylphosphate to cysteine can also be
accomplished and in the course of measuring the acetyl cysteine (indirectly
indicated by the disappearance of acetyl P04) the data revealed a phospha-
tase activity of the enzyme which will not operate without DPN and which
can be inhibited by cysteine, glutathione, cyanide (0.001 M), or other
compounds which maintain the enzyme in the reduced state.
M.-L.J.
YALE MEDICAL SOCIETY
February 11, 1953
PULMONARY HEART DISEASE. By C. H. Stuart Harris, Professor of
Medicine, University of Sheffield, Sheffield, England; Visiting Professor,
Albany Medical School, Albany, New York.
Sheffield, with its damp climate and adjacent mining areas, offers an
excellent opportunity to study the chronic lung conditions underlying pul-
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monary heart disease. This investigation of sixty-four patients from Shef-
field and surrounding communities was undertaken in the hope of shedding
more light on these underlying lung conditions and the etiology of the
seasonal exacerbations that brought the patients into failure.
The sex distribution of these patients, fifty-eight males to eight females,
was slightly lower than the 9: 1 ratio usually cited for England. The age
span, fifty to fifty-nine years, was ten years older than that reported for
the United States. The reversible bouts of pulmonary heart failure of these
patients had a definite seasonal pattern, the high coming in January and
February, and the low coming between May and September.
In fifty-one of these patients, the underlying lung condition was chronic
bronchitis and emphysema. In nine others, the underlying lung condition
was bronchiectasis. Strangely enough, although Sheffield is surrounded by
mining areas, none of these patients gave any indication of an underlying
pneumoconiosis. In most of these patients, annual exacerbations occurred
with pneumococcal infections marked by cough, sputum and increasing
dyspnea. In the course of years, the patients noticed a progressive edema
which eventually became the limiting factor of these annual illnesses. The
organism isolated in forty-nine out of ninety-four reported exacerbations
was the pneumococcus. In spite of the use of antibiotics, patients would
return with relapses, usually involving different pneumococcal types.
The pulmonary arterial pressure of these patients when they were in
bouts of failure rose to 50 mm. of mercury. However, when they were out
of failure, their pressures dropped to normal levels between 20 mm. and
30 mm. of mercury. This reversibility indicated that there was little actual
myocardial damage.
Unlike patients with mitral stenosis or mitral insufficiency, who have a
low level of serum CO2 combining power and a normal level of serum 02
combining power, these patients had a high level of CO2 combining power
and a low level of 02 combining power in their serums. This condition
tended to depress the respiratory center and add to the patients' dyspnea.
However, this condition was also reversible, because when the patients
were out of failure the serum O2 returned to normal levels.
In the future, it is planned to investigate the etiology of pulmonary heart
disease by a study of patients who are suffering from the early stages of
chronic lung disease.
G. MCK.
NU SIGMA NU LECTURE
February 11, 1953
CAESAREAN BIRTH AND THE MURLEss HEAD EXTRACTOR. By S. R.
Carrabba, St. Francis Hospital, Hartford, Connecticut.
The head extractor described by Murless in 1948 to aid low caesarean
section has been utilized for the first time in this country. The instrument is
S-shaped and contains a hinge in the middle which locks by means of a
sliding sleeve. The single blade resembles the ordinary obstetric forceps
blade with an exaggerated cephalic curve. The blade is inserted beneath the
fetal head through the lower angle of the uterine incision, the flexed handle
obviating interference from the patient's protuberant abdomen. Once the
blade is in place, the handle is elevated and locked. With gentle fundal
pressure the head may be delivered.
421YALE JOURNAL OF BIOLOGY AND MEDICINE
Application of this technique to 40 unselected low sections revealed no
significant trauma to mother or baby in any instance. These included some
sections before labor but a larger number of patients were operated upon
after a trial of labor with such complications as "disproportion," cervical
dystocia, and placenta previa (two). The instrument was adapted equally
well to oblique transverse positions of the vertex (some deeply impacted).
The extractor was also used in two breech presentations. It is suggested
that once the operator has learned to use the Murless extractor on easier
cases, he may be able to extract the firmly engaged head where manual
attempts are sometimes difficult. Advantages claimed include less loss of
blood, prevention of uterine tears, good visualization of the field, and
extraction of the head in any position without appreciable trauma.
A recent modification of Murless' design has a single lock which closes
immediately on elevating the handle, eliminating rough edges and some
difficult manipulations encountered in locking the original hinge.
0. L. K.
ANESTHESIOLOGY SEMINAR
February 13, 1953
THE INFLUENCE OF ANESTHESIA, DRUGS, AND TECHNIQUES ON THE
CEREBROSPINAL FLUID PRESSURE. By C. R. Stephen, Department of Anes-
thesiology, Duke University, Durham, North Carolina.
The difficulty in regulating the cerebrospinal fluid pressure during an
operation has plagued anesthetists and neurosurgeons for a long time.
Whether this difficulty is due to the patient's basic constitution, the use of
certain drugs, the surgical manipulations, or the anesthetic techniques is not
known. In this series of experiments a catheter attached to an electronic
manometer was introduced into the subarachnoid space and a continuous
recording was taken from an hour pre-operatively to the termination of the
operation, in an attempt to evaluate the factors influencing the cerebrospinal
fluid pressure.
Conscious patients showed transient spikes in pressure with voluntary
coughing and variations with heaving respiration and normal breathing.
Patients subjected to a rough induction period showed rises in pressure up
to 900 mm. above normal which tended to persist through the early phases
of the operation, sometimes requiring an hour to return to normal. In one
patient with a subdural hematoma and a base-line pressure of 450 mm., the
induction with ether was extremely stormy. The subsequent coughing and
"bucking" pushed the pressure first to 1100 mm. and then to 1900 mm., a
level previously considered to be incompatible with life. On the other hand,
patients with a smooth induction period often showed little rise in pressure
throughout the course of the operation.
From these experiments it is inferred that the rises in pressure are more
directly related to the anesthetic techniques than to the anesthetic agents.
Surgical manipulations such as pressure on the dura, tilting the patient,
and sawing the cranial bone also promote rises in pressure.
Interestingly enough, the administration of Avertin to five patients raised
the cerebrospinal fluid pressure 250-300 mm. above normal. This finding
contradicts the conventional concept of Avertin as a cerebrospinal fluid
depressant.
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Also, in these experiments, there appeared to be no consistent relation-
ship between the cerebrospinal fluid pressure and the venous pressure,
whereas the more conventional view is that they are very closely allied.
G. McK.
MICROBIOLOGY SEMINAR
February 13, 1953
ENZYMATIC CONTROL OF FIREFLY LUMINESCENCE. By W. D. McElroy,
McCollum Pratt Institute, Johns Hopkins University, Baltimore, Maryland.
The significance of firefly luminescence rests in the problem of energy
transformation and the mechanism by which phosphate bonds are trans-
ferred and coupled. In the presence of oxygen, Mg++, adenosinetriphos-
phate (ATP), and an enzyme, the firefly will produce a primary lumines-
cent reaction which tapers rapidly and levels at a fraction of the initial
flash. If it is postulated that the various components form an active inter-
mediate which may be oxidized to an activated state and produce light or,
in the absence of oxygen, form an inactive complex with Mg++ and pro-
tein, then the base line of luminescence is an equilibrium of active and
inactive complex. Under anaerobic conditions the inactive state obtains
and the enzyme is immobilized, whereas the effect of oxygen will vary with
the concentration of the active intermediate.
The addition of inorganic pyrophosphate and ATP after the initial
luminescence will elicit a second flash. However, the pyrophosphates com-
pete with ATP to form inactive intermediates, and the appearance of the
second flash corresponds to the hydrolysis of the pyrophosphate. Coenzyme
A can also play a role in this postulated reaction since, in the presence of a
protein factor, coenzyme A will bind the inhibitor in a complex and thereby
shift the inactive complex back to an activated state.
M.-L. J.
THE SIXTH EDGAR ALLEN MEMORIAL LECTURE
February 16, 1953
THE APPLICATION OF ORGAN CULTURE TO SOME PHYSIOLOGIC PROB-
LEMS. By Honor B. Fell, Strangeways Research Laboratory, Cambridge,
England.
When organ rudiments or fragments are cultured in vitro, they retain or
acquire histologic characteristics and sometimes even anatomical structures
which are normal for the tissue. Although these explants must be provided
with abundant nutriment and oxygen, extensive cellular outgrowth is dis-
couraged by frequent transplants to a fresh medium. Blood plasma as well
as embryo and adult tissue extracts are the usual nutrient source if the
organs will grow in heterologous medium; some, however, require more
homologous preparations. It is noteworthy that tissue cells which have been
dispersed by enzymatic digestion of the intercellular cement and suspended
in fluid medium will subsequently form cell groups, and these clusters will
differentiate when transferred to a semi-solid clot.
Organ culture technique has provided conclusive data concerning the
mode of development of such tissues as the salivary glands and pituitary.
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It has been used to establish the specific effect of a certain vitamin or
hormone on a particular tissue and thereby indicate direct action rather
than a mediated mechanism. The effect of insulin on developing bone, for
example, has been shown to be hormonal rather than secondary to hypo-
glycemia. Excess vitamin A in bone culture will result in the disappearance
of the matrix and cartilage, whereas in cultures of ectoderm it suppresses
keratinization and effects a reversible transition to mucous epithelium. Such
applications of this technique indicate unique possibilities which cannot be
attained with other tissue culture methods.
M.-L. J.
ANATOMY SEMINAR
February 17, 1953
SOME OBSERVATIONS ON INJURY AND REGENERATION OF MAMMALIAN
STRIATED MUSCLE. By Gabriel C. Godman, College of Physicians and Sur-
geons, Columbia University, New York.
The process of repair in mammalian striated muscle following injury
consists of two stages which merge and overlap: an immediate degeneration
followed by a period of regeneration and reconstitution. These processes
have been observed in samples of muscle obtained from mice infected with
Cocksackie virus and in non-infected traumatized muscle from rabbits.
The degenerative processes are divided into five phases:
1. Discoidal splitting with fragmentation in the I bands
2. A proliferation of nuclei and accentuation of the A and I bands
3. A thickening of fibrils, which tend to become more basophilic
4. Mineral precipitation in the form of longitudinal striae
5. Swelling of the broken segment into a brittle pycnotic mass of en-
hanced birefringence. Reconstitution begins with the contraction of
this protoplasmic clot leaving an empty sarcolemmal "hull."
There is initially an accumulation within this "hull" of giant cells, histio-
cytes, and other detached isolated cells. Some of these "histiocytoid" cells
presumably participate in the regeneration which will ultimately take place.
Regeneration then proceeds by either of two methods: (i) The prolifera-
tion into the sarcolemmal tube of slender growing sarcoblastic strands,
(ii) The proliferation of a giant cell-like bud which completely fills the
sheath. The process of redifferentiation which follows resembles embryonic
differentiation.
Tissue culture studies of muscle explants demonstrate the growth of
redifferentiating sarcoblastic strands similar to those observed in vivo. Divi-
sion of nuclei is amitotic and growth proceeds from the cut stump of the
muscle explant. Segments of these strands are seen to fragment into indi-
vidual cells and assume the morphology and presumedly the function of
macrophages. These very same cells then rejoin the growing strands and
proceed to manufacture new myofibrils.
It is suggested, therefore, that at least some of the "histiocytoid" cells
occupying the sarcolemmal tube in vivo arise from the injured muscle itself
and that these cells eventually participate in its subsequent regeneration.
E. D. C.
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HISTORY OF MEDICINE LECTURE
February 18, 1953
THE FIGHT AGAINST CHOLERA. By L. G. Stevenson, Department of
Medical History and Literature, University of Western Ontario, Faculty
of Medicine, London, Canada.
There were three pandemics and two intercontinental epidemics of
cholera in the nineteenth century, though it probably had a long career in
India before this time. These occurred between 1816-1823, 1826-1837,
1846-1863, 1865-1875, and 1884-1892. The first epidemic started in the
delta of the Ganges and followed trade routes to Asia and Africa. In 1826
the first pandemic commenced by slow spread up the Ganges, across the
Caspian Sea to the Black Sea, up into Moscow by 1830, and simultaneously
up the Danube into southern and central Europe and by sea to England.
The first case of cholera diagnosed in England was reported in Sunderland
in October of 1831.
From England it spread to Scotland and thence to Ireland. The Irish
emigrants brought it to Quebec and Montreal, the first North American
case of cholera being diagnosed in June 1832. The pandemic then moved
down the Lake Champlain region, along the Erie Canal to Albany, thence
to New York City and Philadelphia. There is a possibility that some cases
were brought directly to New York City from Ireland. Boston reported
relatively few cases and ascribed this to the quarantining of vagrants from
New York and to a recent sanitation program. It was observed that this
disease showed a predilection for areas of poverty and moral decay. The
latter observation provided the substance of many sermons for several
years following.
John Snow, in St. James's Parish, London, made the first epidemiological
spot map, that of the area around the Broad Street pump, to prove the role
played by contaminated drinking water in the spread of the disease. It is
interesting to note that previous to this there are records of ship doctors
advising port authorities to have the villagers boil their drinking water when
a cholera-ridden ship arrived in port.
In 1883, Robert Koch isolated and demonstrated the vibrio of cholera
but could not produce the disease in animals. Max Pettenkofer believed
that a gas produced by the organism in damp soil was the cause of cholera.
Ferran y Clua actively immunized 50,000 people in Valencia against
cholera (1881-85).
An important cholera epidemic occurred in Egypt in 1947 but was finally
stopped by public health measures, particularly mass vaccination. It is still
endemic in India and other parts of the East. "We have not killed the
dragon, but have driven it back into its lair."
J. M. Q.
HISTORY OF MEDICINE LECTURE
February 19, 1953
RATS, LICE, AND IMMIGRANTS: THE STORY OF TYPHUS. By L. G.
Stevenson, Department of Medical History and Literature, University of
Western Ontario, Faculty of Medicine, London, Canada.
Typhus fever probably entered Europe through Spain from its aboriginal
home in the East. In Europe, a syndrome resembling typhus was first men-
tioned in the twelfth century, and was differentiated from typhoid fever in
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1837 by Gerhard in Philadelphia. Nicolle identified lice as the transmitting
agent in 1907, and in 1914 von Prowazek described Rickettsiae as the
causative organism. Typhus spread throughout Europe in a fifteenth cen-
tury epidemic, entering England at Oxford, then "lousy," in 1587. The
succeeding three centuries, full of rats, lice, and overcrowding, saw waves
of highly fatal typhus "affecting the poor in peace, all in war."
Cortez in 1519 brought typhus to North America, where it spread so far
as to decimate a French army in the eighteenth century. Apparently for-
gotten in subsequent years, the disease was reintroduced in Canada by
Irish immigrants in the nineteenth century, at a time when there was
increasing control of it through hygiene. A typhus pandemic exploded in
Serbia in 1915 causing four million deaths by 1921. It has since been
endemic in Eastern Europe and in the Near East. The use of DDT in
Naples in World War II for the first time aborted an epidemic. An inter-
esting account of this disease can be found in Zinsser's Rats, Lice, and
History.
MILTON CORN
MICROBIOLOGY SEMINAR
February 20, 1953
CONTROL OF THE METABOLISM OF VIRUS INFECTED BACTERIA. By Sey-
mour Cohen, Department of Pediatrics, University of Pennsylvania Medical
School, Philadelphia, Pennsylvania.
Although E. coli strain B is rich in both nucleic acids, T phages infecting
this bacterium lack ribonucleic acid (RNA) and appear to inject only
desoxyribonucleic acid (DNA). After infection, the synthesis of host mate-
rial ceases, yielding to the exclusive production of virus-hence DNA. In
fact, if the host DNA is labelled, virus pyrimidines can be traced to the
host cytosine from which they have been transferred to the phage via
desoxyribosides.
The study of the preferential production of DNA leads to a consideration
of the two pathways by which E. coli can utilize glucose: the Emden-
Meyerhof scheme and the oxidative shunt. Infection with phage will block
the pathway which leads to the production of pentose and its incorporation
into RNA. This shunting of the metabolism into the production of desoxy-
pentose is not effected by the rapid utilization of DNA in phage synthesis
nor by the blockage of any known specific reaction step. Presumably, the
incorporation of ribosides into RNA is inhibited. The controlling mechan-
ism is apparently in the virus nucleic acid, since one-third of the total virus
DNA is resistant to hydrolytic enzymes and this fraction contains almost
all the 5 hydroxy-methyl-cytosine present. This moiety, not present in host
DNA, protects the nucleic acid of the phage from degradation by the
hydrolytic enzymes of the host.
M.-L. J.
PHARMACOLOGY SEMINAR
February 26, 1953
ANTAGONISTS TO CORTISONE AND ACTH-LIKE ACTION OF STEROIDS.
By Robert Gaunt, Endocrine Research, Ciba Pharmaceutical Products,
Summit, New Jersey.
A series of compounds were examined for their ability to prevent the
adrenocortical atrophy accompanying long-term cortisone therapy. When
426given to mice in conjunction with cortisone, a number of steroids proved
effective, notably those containing a f8-hydroxyl group and an a-methyl
group on position 17 and an oxygen linkage on carbon three. Especially
potent were methylandrostenediol, dihydrotestosterone, methyl testosterone,
and testosterone propionate in the order named; androgenicity was not
correlated with ability to prevent adrenocortical atrophy. Although these
and other steroids preserved normal size of the gland, it was not shown that
they preserved normal function. The probable mechanism underlying
adrenocortical weight preservation is in part a direct action of the steroids
on the gland and in part a blocking of the ACTH-inhibiting action of
cortisone. There was no relationship between the effectiveness of a com-
pound in preventing adrenocortical atrophy and its ability to antagonize
the growth-inhibiting property of cortisone.
J. P. G.
PHYSIOLOGY SEMINAR
February 26, 1953
FUNCTIONS OF THERMAL RECEPrORS. By Ingve Zotterman, Royal
Veterinary College, Experimentalfiiltet, Stockholm, Sweden.
The physiological basis for certain psycho-physical phenomena of tem-
perature perception has been quantitatively studied in experiments on
thermoreceptors in the tongue. The experiments, done on single warm and
cold receptors, show that the differential firing of these thermoreceptors
under various temperature conditions correlates with the sensation experi-
enced under the same conditions. For example, if a cold object is placed on
an area containing cold receptors, a sensation of cold is immediately felt. If
the object is then removed, the feeling of cold is lost, but shortly returns
before finally disappearing. By means of an apparatus using running water
to control the temperature, cold receptors in the tongue were subjected to a
sudden change of temperature analogous to that in the situation described,
and the frequency of firing in the fibers was recorded. With the initial sudden
temperature drop, the frequency greatly increased but then gradually fell.
When the initial temperature was suddenly restored (as the object was
removed), the frequency dropped to a subnormal plateau, then rose above
the normal frequency and finally sloped to the normal constant rate of
firing.
This sensation of paradoxical cold was also demonstrated to be dependent
on the physiological behavior of the receptors. Cold fibers were subjected
to a gradually increasing temperature from 25.90 C. to 500 C. The fre-
quency of discharge by the fibers increased until nearly 400 C. at which it
abruptly dropped to a plateau which persisted up to 450 C. From 450 C. to
500 C. the frequency increased. This phenomenon thus correlates with the
sensation of cold which follows a rise in temperature above 450 C.
An interesting corollary to these experiments is that despite the larger
size of the warm fibers, the maximum frequency at which their endings fired
was considerably lower than that of the cold fibers; the warm fibers fired at
four impulses per second, while the cold fibers discharged at ten impulses
per second.
G. A. F.
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CHEMISTRY COLLOQUIUM
February 27, 1953
STRUCTURE STUDIES ON THE VERATRUM ALKALOID, JERVINE AND
VERATRAMINE. By Oskar P. Wintersteiner, Squibb Institute for Medical
Research, New York.
Jacobs originally proposed that jervine and veratramine contained a
steroid nucleus with an oxygenated carbon 11 which prompted the sugges-
tion that such compounds might be used in the synthesis of cortisone. Sub-
sequent investigators substantiated the A and B rings and the oxygen in
position 11. The following formula was therefore suggested for jervine:
N N
OH
Nevertheless, ultraviolet spectrum studies in the current work indicated
that jervine was probably not a steroid, and reversal of the C and D rings
was suggested. Subsequent structure studies on breakdown products sub-
stantiated this hypothesis. Similar experiments with veratramine (the
product of hydrolysis of pharmacologically active veratrum esters) led to
the conclusion that it, too, had reversed C and D rings. The formula for
veratramine, then, would be as follows:
o"C~~~~o
CH
Work in other laboratories showed that the plant steroid, rockogenin,
may be converted into a compound with reversed C and D rings, further
strengthening the idea that this structure may be a naturally occurring one.
0. L. K.
PLANT SCIENCE SEMINAR
February 27, 1953
THE EFFECT OF ENVIRONMENT ON PLANT GROWTH. By F. W. Went,
Department of Botany, California Institute of Technology, Pasadena,
California.
The Earhart Research Laboratory of the California Institute of Tech-
nology provides 45 combinations of controlled light, temperature, and
humidity in which experimental plants can be grown to maturity. There
are also facilities for studying the effects of wind, rain, natural and artificial
light, and atmospheres of different gas composition. Thus it is possible to
simulate certain aspects of climate.
It is well known that in general plants grow best if the temperature
during the night is lower than the day temperature. A somewhat unexpected
result is that the flowering of certain plants, particularly trees and shrubs,
428but even of some grasses and crop plants, is a function of the night tempera-
ture as well as of the photoperiod (number of hours of light and dark per
day). Potatoes, for another example, when grown at night temperatures
over 20° C. do not form tubers, though the tops of the plants look quite
usual.
In general, the optimum day temperature for plant development depends
on the night temperature. Three-dimensional graphs may be used to pick
out optimal growth conditions for a given plant. The method can be
extended to include the effects of photoperiod. There is a remarkable cor-
relation between the laboratory-determined, optimal combination of these
three factors and the corresponding climatic conditions obtaining in nature
where the given plants flourish.
Water relations is another physiological aspect studied. One result shows
the importance of dew to some species-the watermelon, for instance. Some
plants can not only utilize dew, and grow better with it, but are able to
secrete into the soil water taken up as dew, thus storing it, and distributing
it to other plants.
Biological specialization in water relations extends even to germinating
seeds. Desert plants show some curious properties adapting them to special
ecological situations. Some seeds, for example, germinate only if wet from
above, as by a heavy rain, and will not sprout if the soil is moistened from
below. These seeds contain an inhibiting substance which has to be leached
out. Other plants, inhabitants of gullies and washes, bear seeds which
germinate only when the impermeable seed coats are ground away; this is
done by the agitation of gravel particles in swiftly moving water during
heavy rains. All of these mechanisms seem to insure that a seed will only
germinate when conditions are such that the resulting plant will be able to
reach maturity. It is found that when these plants are grown under crowded
conditions, they all reach maturity and produce some seed, though they will
all be stunted. This is in contrast to mesophytic plants, which, when
crowded, compete to such an extent that only a few reach maturity.
The effects of smog are being studied. The peroxides and ozonides of
hydrocarbons are toxic at one part in ten million, a concentration which is
approached in regions where smog is severe. Lower concentrations reduce
growth and cause lesions on leaves-these may be seen on plants in regions
where damage from smog is not specifically acknowledged. It is believed
that this decreases the response of the plant to its own growth hormones.
R. R. L. G.
MICROBIOLOGY SEMINAR
February 27, 1953
THE EXTRACELLULAR CULTURE OF AN INTRACELLULAR PARASITE. By
William Trager, Rockefeller Institute of Medical Research, New York.
The requirements of Plasmodium lophzurae are adequately satisfied by an
intracellular existence in the duck erythrocyte, and merozoites which are
liberated from these cells in the course of normal development will perish
unless another red cell is immediately available. However, these parasites
can be removed from their host cells by incubation with anti-duck, red-cell
serum plus complement and subsequently can be maintained extracellularly
for several days.
The plasmodia and red-cell nuclei freed by this type of lysis are suspended
in nutrient media containing duck erythrocyte extract. If the preparation is
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agitated in small flasks under an atmosphere of 95%o air and 5%7o carbon
dioxide, the free parasites adhere to the scum of cellular debris which lines
the flask and are thus provided with a semi-solid support in a well-aerated
medium. Although degenerate forms can be constantly observed by means
of the phase microscope, as well as staining with Giemsa, viable organisms
undergo nuclear division and segmentation of daughter parasites. By utiliz-
ing this technique, the effect of various compounds on the extracellular
survival of Plasmodium lophurae can be established. For example, adeno-
sine triphosphate or sodium pyruvate can be shown to reduce the number
of degenerate forms, whereas coenzyme A has a delayed, albeit similar,
effect, and TPN, no effect at all.
M.-L.J.
BIOCHEMISTRY SEMINAR
March 3, 1953
SOME NEW PHASES OF THE UREA PROBLEM. By Dr. Sarah Ratner,
Department of Pharmacology, New York University College of Medicine,
New York.
An essential step in the synthesis of urea is the conversion of citrulline to
arginine, which is subsequently cleaved by arginase. Two years ago the
author demonstrated that arginine is formed from citrulline and aspartic
acid through the mediation of ATP. The reaction has now been separated
into two stages as follows:
NH NE.c
H-JCO 00OH IJH-H4 ~ HOOH - f [1] 17<qE ~~( 1 [21
(23 + H2 +3
.[(I H2l)3
H l+
Hi-OH 00 H HH2 jE
COOH KOH COOH J001O dOOH
Citrulline Aspartic Acid _Argininosuccinic Acid Arginine Fumaric Acid
+(ADP + P04)
The first step involves the combination of citrulline and aspartic acid to
form an intermediate condensation product, argininosuccinic acid, the
anhydride of which is formed spontaneously in acid solution, thus permit-
ting its crystallization. This reaction does not appear to be reversible since,
following the addition of labelled phosphate to the mixture no labelled ATP
is recovered. The enzyme concerned with this step is obtained from acetone
,dried liver extracts at a purification of about 30-40X.
The second step is an equilibrium between the intermediate, arginino-
succinic acid, and the two end products, arginine and fumaric acid. The
enzyme which mediates this stage has been recovered from extracts of yeast
and purified more than lOOX. The procedure necessitated the removal of
arginase and fumarase from the enzyme fraction in order that the two end
products might be identified.
The reaction is not inhibited by any of the following organic acids:
aspatric, glutamis, guanidinosuccinic, succinic. Arginine and fumaric acid
do inhibit the reaction, presumedly by shifting the equilibrium to the left.
E. D. C.
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CIRCULATORY CHANGES IN MONKEYS DURING ACUTE ANAPHYLAXIS.
By Frieda G. Gray and Frank D. Gray, Jr., Department of Medicine, Yale
University School of Medicine.
Clarification of the pathogenesis and physiological effects of cardiovascu-
lar lesions due to hypersensitivity i sthe goal of a series of experiments in
progress. The present report concerns itself with the first study in this
series and is designed to reveal the changes in cardiovascular dynamics in
acute anaphylaxis.
Three groups of young Rhesus monkeys were used: (i) the experimental
group receiving a sensitizing dose of 20 cc. of horse serum, followed three
weeks later by a shocking dose of 10 cc. of horse serum, (ii) a control group
of non-sensitized monkeys which received a dose of 10 cc. of horse serum
only, and (iii) a second control group which received no horse serum, to
provide base line studies of cardiovascular dynamics during the manipula-
tions necessary for obtaining and recording the experimental data. Observa-
tions were made 15 minutes before, 15 minutes, 30 minutes, and 60 minutes
after the intravenous administration of the shocking dose. The techniques
used included cardiac catheterization and femoral artery catheterization to
obtain pressures and blood samples for blood oxygen saturation, oxygen
consumption, and determination of cardiac output. Group (ii) showed
moderate rises in right ventricular and femoral artery systolic pressures
and oxygen consumption. There was no change or slight increase in sys-
temic blood flow and decrease in circulation time. Group (i) animals
showed an average decrease in systemic blood flow of 48%, in femoral
artery systolic and diastolic pressure of 48%, and mixed venous blood
oxygen saturation of 50%o, while an average increase in right ventricular
systolic pressure of 93% and circulation time of 62% was observed. It is
believed that enough evidence has been presented to demonstrate that tissue
anoxia attributable to both perfusion failure and to lowered oxygen tension
occurs in acute anaphylaxis in the Rhesus monkey. J. M. Q.
AN OUTBREAK OF ECTROMELIA IN THE U.S.A. By John J. Trentin,
Department of Anatomy, Yale University School of Medicine.
Although Marchal first described ectromelia in 1930, and Burnet sub-
sequently placed it with the pox group of viruses, outbreaks among the
mouse populations of this country have not been confirmed. In 1951 a fatal,
self-limiting disease spread through a colony of some 10,000 mice bringing
death to more than half of the animals. Recognition of visceral lesions char-
acteristic of acute ectromelia and inoculation of infected material into
normal mouse foot pads, resulting in either the acute disease or the typical
cutaneous lesions of the chronic form, made the diagnosis of this viral
malady quite probable. Passage of the agent from infected mouse liver to
egg produced the pock-like lesions first described by Burnet, and electron
micrographs of these tissues revealed intracytoplasmic, eosinophilic inclu-
sions. Since Burnet had proved, moreover, the immunological cross reactiv-
ity between vaccinia and "mouse pox," the diagnosis of ectromelia was
definitely established by serological methods which demonstrated vaccinia
antihemagglutinins in the sera of convalescent mice and successful cross-
immunization with vaccinia. M.-L. J.
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THE BIOLOGICAL SIGNIFICANCE OF FIBROSARCOMA SUSCEPTIBILITY IN
MICE. By L. C. Strong, Department of Anatomy, Yale University School
of Medicine.
Observations on the latent period of methylcholanthrene-induced fibro-
sarcoma development in inbred mice have implicated genetic factors in the
appearance of these tumors and stimulated speculation regarding the opera-
tion of such factors in the development of human tumors. It has been
observed, for example, that there is a decreased susceptibility in female
mice to methylcholanthrene-induced tumors as the age of the mother in-
creases (between the second and sixth litters). It is usually stated that the
current increase in the incidence of cancer in man is directly correlated with
the increase in life expectancy which has occurred during the last fifty years.
Nevertheless, should man resemble the mouse, it is evident that his suscepti-
bility to tumor development is probably a more complicated problem than
mere life expectancy. Life expectancy itself has been shown to be influenced
by parental factors in man. Increased age of the parents at death increases
the life expectancy for the children. Life expectancy in the offspring is
reduced as the age of the mother increases at delivery (but is not influenced
by the age of the father). It is suggested, moreover, that the increased inci-
dence of cancer in man may be influenced by the reduction in family size in
modern times. Since mice show a decreased susceptibility in the later off-
spring, the average susceptibility is lower in members of large families than
if, as in the modern family, no more offspring are produced after the first,
more susceptible.
The analysis of the human population is probably complicated further by
the fact that susceptibility as a biological characteristic is best expressed
during the age of maximum sexual activity and declines in adolescence or
senescence. This phenomenon was observed in mice and indicated that age
should be considered in cancer studies in man.
0. L. K.
MICROBIOLOGY SEMINAR
March 6, 1953
TIssUE LEVELS OF ADENINE NUCLEOTIDES. By Harry Albaum, Depart-
ment of Biology, Brooklyn College, Brooklyn, New York.
By the Cohn and Carter method for the analysis of adenine nucleotides,
it can be shown that preservation of ATP in tissues at -18° C. is quite
variable, since muscle ATP remains unchanged in a one-month period,
whereas kidney and liver ATP is only moderately stable and brain ATP
disappears altogether. A similar differential stability in these tissues was
found when anoxia was produced by CN-. The apparent greater stability of
ATP in muscle can probably be ascribed to partial restoration of ATP and
phosphocreatine by glycolysis, while in brain tissue, where ATP can only
be produced by aerobic phosphorylation, it disappears completely. If anoxia
is induced by N2 breathing, the different centers of the brain show varying
ATP deficiencies directly related to impaired function. Immediate exposure
to high altitude conditions had comparable effects but, if test animals were
adjusted to such conditions by a gradual reduction in pressure, ATP levels
were maintained. Apparently compensatory vascularity prevented anoxia
and consequent reduction of the nucleotide.
Some related studies of ATP production have shown that inorganic P is
rapidly incorporated into ATP in the presence of malignant growth and
432during pregnancy. Intramuscular injections of adenylic acid will augment
the blood level of ATP in excess of the amount of adenylic acid injected,
indicating a mobilization of some labile reservoir; if the adenylic acid is
tagged with labelled P, the highest concentration will be found in the
adrenals.
M.-L. J.
THE BEAUMONT CLUB
March 6, 1953
CHEMICAL WARFARE MEDICINE IN Two WARS. By L. L. Waters, De-
partment of Pathology, Yale University School of Medicine.
Many advances have been made in chemical warfare since the Greeks
first blended pitch, sulfur, oil, and other ingredients into suffocating incendi-
ary bombs which were hurled onto enemy ramparts or decks of opposing
war galleys. In 1899, at the Hague, the principal European countries signed
a treaty outlawing chemical warfare.
In 1912, in France, tear gas grenades were first used in dealing with civil
disturbances. It was, however, the Germans who initiated gas warfare on
April 22, 1915, "the black day of Ypres," by the release of a chlorine cloud
against a five-mile front of Canadian and French Colonial troops; 5,000
casualties resulted and the line, unbeknownst to the Germans, was thrown
into panic and broken. It was not until September of that year that the
Allies were able to reply in kind. In December, 1915 the Germans intro-
duced phosgene in cloud form. Its chief pathological effect, like that of
chlorine, is a rapidly developing, massive pulmonary edema. In 1916 both
sides began using phosgene as well as di-phosgene-filled artillery shells.
On July 12, 1917, again near Ypres, the Germans introduced mustard gas
("Yperite"). This was the first use of the vesicant or blister gases. A year
passed before the Allies were able to retaliate with mustard-filled artillery
shells.
By the end of the war, all nations were using the lung irritants, the
vesicant mustards, and various vomiting and tear gases. Lewisite, an
arsenical vesicant, was ready but not used.
The Geneva gas protocol of 1925 outlawed gas warfare and was sub-
scribed to by thirty-nine countries. However, the treaty of 1923 with
Guatemala, Salvador, Honduras, and Costa Rica is the only one binding the
U.S.A. not to engage in chemical warfare.
In England, at the Experimental Station of the Royal Engineers at
Porton, Joseph Barcroft headed a group to study the toxicity and physi-
ology of asphyxiating gases. German researches along similar lines were
published in the Zschr. ges. exp. Med. in 1921. France sponsored the de-
velopment of a nitrogen homologue of mustard called "French" or "nitro-
gen" mustard. In 1917 a young Dutchman in an obscure Utrecht thesis
recorded the necrotizing effect of mustard gas on the lymph nodes of
experimental animals. In the U.S.A. the Chemical Warfare Service of the
Army with its Medical Division was established, in July 1918, at Edgewood
Arsenal, Maryland.
On October 24, 1919 an explosion in the Breloh munitions dump on the
Liineburg Heath in Germany scattered approximately 50,000 tons of
assorted vesicants over the countryside. Dr. Herman Biischer, recently of
the German Army Medical Corps, found himself with the largest practice
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in gas warfare medicine that any single individual has ever had. His
observations were published in 1931 in book form, Green and Yellow Cross,
and bring to light many clinical observations.
Interest in chemical warfare had generally waned until 1939-40 when a
sudden resurgence was experienced. England created the Chemical Defences
Research Department, a group which demonstrated the effectiveness of
2, 3 dimercaptopropanol (British Anti-Lewisite, BAL) as an antidote to
Lewisite.
In the U.S.A., organization for medical research in relation to chemical
warfare was not initiated until 1941. A modern research laboratory was for-
mally opened in the spring of 1944 at Edgewood Arsenal, Maryland. The
only phosgene patients studied during the war were those accidentally
gassed in the chemical munitions plant at Edgewood Arsenal.
In 1939, a Russian, Porembskii, demonstrated that Hexamethylenetetra-
mine (Urotropin) taken in vivo would protect mice against lethal doses of
phosgene. These observations were extended in this country to larger ani-
mals and similar results recorded. Unfortunately, this compound is of no
therapeutic value if administered after the phosgene has come in contact
with the pulmonary alveoli.
C. C. Lushbaugh, a pathologist at the University of Chicago, rediscovered
that absorption of mustard homologues-nitrogen or sulfur-results in
enormous destruction of lymphoid tissue throughout the body. Goodman,
Gilman, and Dougherty, with the cooperation of Lindskog at Yale, treated
several advanced cases of lymphosarcoma with these agents and noted
phenomenal decreases in the size of the tumor masses. A conference held in
New Haven in July, 1944, marked the formal launching of the nitrogen
mustards into civilian medicine.
During the war, intelligence reports indicated that the Germans were
preparing "nerve" gases for possible use. Di-isopropylfluorophosphate, one
of the first studied, was not employed as a nerve gas but is now being used
therapeutically in the treatment of glaucoma and myasthenia gravis. It pro-
duces complete inactivation of tissue cholinesterase. Observation of the
actions of fluoroacetates on the myocardium constitutes another significant
development in chemical warfare research. One of these compounds, Com-
pound 1080, has enjoyed considerable success as a rodenticide.
Realization of the importance of chemical warfare medical research has
resulted in the establishment of the Chemical-Biological Coordination
Center at the National Research Council in Washington to assemble and
make this information available to scientists the world over.
J. M. Q.
FRANqOIS QUESNAY; SURGEON AND PHYSIOCRAT. By Samuel C. Harvey,
Department of the History of Medicine, Yale University School of
Medicine.
Franqois Quesnay, organizer and leader of the Physiocrats, was first a
barber-surgeon, later an historian, and finally an economist. He received his
M.A. at the University of Paris and was a practising surgeon before the age
of twenty. However, it was not until 1744 that he received his M.D. degree
at the small university at Pont-au-Mousson, over the protest of the physi-
cians of the University of Paris, who thought that they alone should award
this degree. Part of this protest was undoubtedly due to personal feelings
434against Quesnay, but it also reflected the changing status of surgery in
France. The surgeons had separated from the barbers and formed a college
of their own in Paris, much to the distaste of the Paris physicians. In 1737,
the French Academy of Surgeons was created, with Quesnay filling the
post of perpetual secretary.
During this period, he was not only a busy surgeon, but also an author
and an historian. He published treatises on bleeding, gangrene, and
suppuration, as well as a two-volume history of French surgery.
Quesnay then turned from the surgery of Paris to the politics of the court
of Louis XV. At Versailles, he assembled a group of economists that became
known as the Physiocrats. This group, deriving their ideas from the eco-
nomic changes occurring in England, believed in economy by natural law,
or as Gournay, a prominent Physiocrat, put it: "Laissez faire, laissez
passer." Besides Quesnay, who was undoubtedly the leader of this group,
and Gournay, the Physiocrats included among their members, Turgot, who
established Lavoisier and later became comptroller-general of France under
Louis XVI, and Mirabeau, a noted orator who was later president of the
Jacobin Club and a member of the French National Assembly.
Most of the Physiocrats died before the French Revolution, but the
youngest member, Pierre Samuel DuPont de Nemours, narrowly missed
the guillotine. He fled from France with his son, Eleuthere Irenee DuPont,
who had been learning the powder trade from Lavoisier. It is interesting to
note that Irenee DuPont, at the instigation of Jefferson, started in
Delaware a powder plant that has since undergone a considerable
expansion!
G. McK.
PHARMACOLOGY SEMINAR
March 12, 1953
BLOOD VOLUME: EVALUATION AND INTERPRETATION OF RESULTS. By
Dr. Magnus Gregersen, Department of Physiology, Columbia University,
College of Physicians and Surgeons, New York.
The accuracy and, hence, the value of blood volume determination by
the dye technique (T 1824) as a clinical and investigative tool has often
been questioned. This is the result of the discrepancies regularly reported
by a number of investigators employing a variety of methods. Values which
have been obtained with either radioactive phosphorus or with plasma
volume determinations differ significantly. This confusion may be attributed
to the variety of techniques devised and the failure adequately to consider
sources of error and to employ suitable correction factors. Intravascular
hemolysis and the variations in distribution of blood cells with resultant
variation in hematocrit will influence the accuracy of results. For example:
the value obtained for a true blood volume, i.e., measured cell volume plus
plasma volume, when calculated by means of the dye method using T 1824
is observed to increase with an increase in hematocrit. However, the value
obtained when calculated by the P32 method is lower than normal by a
constant factor, irrespective of variations in the hematocrit.
It follows then that for the T 1824 method a suitable correction curve
may be constructed, while for the P32 method one may abstract a constant
correction factor. With sufficient care suitable curves may be drawn for
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each method employing standardized techniques to allow calculation of the
true blood volume from the experimental result, thus bringing order to an
otherwise rather equivocal situation.
E. D. C.
ATYPICAL GROWTH RESEARCH UNIT SEMINAR
March 16, 1953
THE MORPHOGENESIS OF COLLAGEN. By Keith R. Porter, Rockefeller
Institute for Medical Research, New York City.
The electron microscope was used in investigating the cellular locus of
collagen formation in fibroblasts taken from the dermis of chick embryos
and grown in tissue cultures. By this means it was determined that the
process is initiated at the cell membrane rather than within the cell. Photo-
micrographs of the membrane show what seem to be developmental stages
from undifferentiated fibrils to fibrils with micro- and macro-striations char-
acteristic of collagen. Photomicrographs of cross-sections reveal fibrils
immediately external to the fibroblastic membrane but none deep to it.
Complete formation of fibrils, however, does not take place at the cell
surface. Some of the procollagen secreted by the cellular membrane is
released into the culture medium where it polymerizes into fibrils, the
diameter of which increases as more procollagen is added.
Photomicrographs of interstitial spaces demonstrate uncrossed collagen
fibrils and fibers. That there is no interweaving of the elements as in a fibrin
clot indicates that the fibrils are not laid down simultaneously, but
successively.
In contrast to the usual collagen fibrils whose macro-periodicity is 640A,
some fibrils grown in Locke-boullion solution have a striated periodicity of
only 220u. Other fibrils thought to be mucoprotein, and composed of fibers
having a periodicity of 1200,u, have been observed to join those of smaller
periodicity. It may be that the large fibrils impose on the smaller the
periodicity of 650A characteristic of collagen fibers.
G. A. F.
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